Abstract Substrate-adherent cultured cells derived from human bone marrow or umbilical cord blood ("mesenchymal stem cells") are of special interest for regenerative medicine. We report that such cells, which can display considerable heterogeneity with respect to their cytoskeletal protein complement, are often interconnected by special tentacle-like cell processes contacting one or several other cells. These processus adhaerentes, studded with many (usually small) puncta adhaerentia and varying greatly in length (up to more than 400 μm long), either contact each other in the intercellular space ("ET touches") or insert in a tight-fitting manner into deep plasma membrane invaginations (recessus adhaerentes), thus forming a novel kind of long (up to 50 μm) continuous cuff-like junction (manubria adhaerentia). The cell processes contain an actin microfilament core that is stabilized with ezrin, α-actinin, and myosin and accompanied by microtubules, and their adhering junctions are characterized by a molecular complement comprising the transmembrane glycoproteins N-cadherin and cadherin-11, in combination with the cytoplasmic plaque proteins α-and β-catenin, together with p120 ctn , plakoglobin, and afadin. The processes are also highly dynamic and rapidly foreshorten as cell colonies approach a denser state of cell packing. These structures are obviously able to establish cell-cell connections, even over long distances, and can form deep-rooted and tight cell-cell adhesions. The possible relationship to similar cell processes in the embryonic primary mesenchyme and their potential in cell sorting and tissue formation processes in the body are discussed.
Introduction
During embryogenesis, the developmental programs leading to higher forms of organization involve specific cell segregation and association reactions ("sorting"), resulting in semi-stable cell assemblies and later in the formation of architecturally and functionally defined tissues. Such programs of tissue formation are based on processes of cell proliferation and differentiation, together with the homophilic and heterophilic sorting of cells according to their relative adhesive affinities. Key molecules in the establishment and maintenance of such topogenic cell-cell associations include the diverse cell-type-specific members of the transmembrane glycoprotein superfamily of Ca 2+ -dependent cell adhesion molecules, the cadherins (e.g., Takeichi 1988; Steinberg and McNutt 1999; Tepass et al. 2000; Duguay et al. 2003) .
This raises the question as to whether similar cell adhesion molecules and mechanisms are also involved in processes of cell differentiation and tissue regeneration starting from so-called "adult stem cells" (Verfaillie 2002) . In this respect, certain bone-marrow-derived or bloodderived cells that are negative for the surface marker CD34 are of special interest as they have been reported to proliferate and differentiate in cell culture as in the body, thereby producing diverse types of differentiated cells and tissues, ranging from adipocytes to certain kinds of epithelial and endothelial cells, to chondroblasts and osteoblasts, or to cardiac, smooth, or skeletal muscle (e.g., Pittenger et al. 1999; Minguell et al. 2001; Orlic et al. 2001; Fukuda 2002; Jiang et al. 2002; LaBarge and Blau 2002; Ortiz et al. 2003) . More recently, however, such cells, commonly referred to as "mesenchymal stem cells" (MSCs) or "multipotent adult progenitor cells", have been discussed fervidly and controversially with respect to their presumed potential in regenerative medicine. Controversy has been particularly stimulated by a series of reports that cells, which on transplantation appear differentiated and integrated into a certain tissue, might result from cell fusion processes or simply reflect the activation of previously cryptic resident cells (e.g., Terada et al. 2002; Ying et al. 2002; Alvarez-Dolado et al. 2003; Spees et al. 2003; Urbanek et al. 2003; Vassilopoulos et al. 2003; Wang et al. 2003) .
In view of the ongoing heated discussion regarding the nature and post-transplantation fate of these bone-marrowderived MSCs, it is surprising to note the paucity of cell biological knowledge that still exists in this field. In our studies of cultured MSCs, we have recently noted that such cells are interconnected by an elaborate system of special adhering junctions located on the main cell body and on cell processes of variable lengths, including some extremely long processes that form small punctate junctional contacts with one or several cells in the vicinity and over remarkable distances, or are deeply inserted in a tight-fitting manner into special invaginations, thus forming extended adherent interlocks.
Materials and methods

Cell cultures
For the preparation of human MSCs, aspirates from bone marrow donated by several young (25-35 years) volunteers were used to isolate mononuclear cells by Ficoll density Wagner et al. 2005) . The cell fraction growing in a substrate-adherent manner in "MSC growth medium" (Osiris Therapeutics, Baltimore, Md., USA) essentially as described by Pittenger et al. (1999) was used. A panel of twelve antibodies was routinely applied to examine the phenotype of these cells (negative: CD34, positive: CD13, , and the cells were characterized, for example, by their ability to differentiate into colonies positive for markers indicative of adipogenic, chondrogenic, osteogenic, or myogenic differentiation (cf. Jiang et al. 2002) . For biochemical experiments, cells were usually grown in 120-ml culture flasks to variable densities, whereas for light and electron microscopy, they were mostly grown on normal glass coverslips or on Permanox Chamberslides Fig. 1 Immunofluorescence microscopy of a densely grown monolayer culture of human mesenchymal stem cells (MSCs) derived from bone marrow, showing cytoskeletal heterogeneity. All cells contained numerous bundles of actin microfilamenbts (green, stained with fluorescently labeled phalloidin) but a minor proportion of the cells also reacted with antibodies specific for smooth muscle α-actin (red, appearing here mostly in yellow (merge image). Insert (lower right):
Cell-cell junction bridges between an MSC with bundles of microfilaments containing smooth muscle-type α-actin (green, immunostaining) and an MSC with non-muscle-type actin filament bundles (dark) that are interconnected by numerous bridges, the cytoskeletal elements of which have been visualized by immunostaining with antibodies against β-catenin (red). Bars 20 μm (survey), 10 μm (insert) (Nalge Nunc, Naperville, Ill., USA) and processed as described (Peitsch et al. 2001; Langbein et al. 2002) . Alternatively, equivalent cultures were prepared from umbilical cord blood by using similar methods (cf. Bieback et al. 2004) . Human venous endothelial cells prepared from umbilical cords and grown in culture (cf. Peitsch et al. 2001) were used for comparison, as were cells of the human lines U333 (astrocytoma), CaCo-2 (colon adenocarcinoma), MCF-7 (mammary adenocarcinoma), PLC (primary hepatocellular carcinoma), HaCaT (keratinocytes), and SV80-fibroblasts (from ATCC, Manassas, Va., USA, or as specified by Peitsch et al. 2001; Langbein et al. 2002) .
Antibodies
The antibodies used and their sources are listed in Table 1 .
Light and electron microscopy
Protocols used for conventional light and electron microscopy and for immunolocalization experiments at both levels were as previously described (Peitsch et al. 2001; Langbein et al. 2002) .
Biochemical experiments
The preparations of cell lysates or cytoskeletal fractions from MSCs, the procedures for particle and protein fractionation, the immunoprecipitation protocols, and the methods used for protein identification were as described (e.g., Peitsch et al. 2001; Langbein et al. 2002) .
Results
Once we had noted that human MSCs obtained from bone marrow aspirates or umbilical cord blood and grown in culture for several passages were regularly interconnected by numerous adhering junctions of the puncta adhaerentia category, including many located on cell-to-cell bridges of various lengths, we decided to characterize their molecular composition. In general, at this time of culturing, the MSCs Moll et al. 2006 ); these are not only dominant in the central cytoplasm (a) but also extend into the long thin cell processes (b); the processes shown here exceed 100 μm in length. Cell nuclei are stained with 4,6-diamidino-2-phenylindole (DAPI; arrowheads). Bars 10 μm were similar in shape, and all cells were rich in actin microfilament bundles and intermediate-sized filaments (IFs) containing vimentin. On closer inspection, however, some heterogeneity in gene expression and differences in the synthesis of cytoskeletal and other major proteins could not be overlooked.
Cytoskeletal heterogeneity of MSCs
Although, in the literature, MSCs are commonly seen as a uniform population of fibroblastoid cells, we had noted the occurrence of MSC colonies (at variable frequencies) with different cytoskeletal proteins, indicative of the formation of subtypes differing in cell differentiation. With remarkable consistency, we observed MSCs that were characterized by bundles of microfilaments containing the smooth-musclecharacteristic form of α-actin, in addition to the dominant non-muscle forms of β-and γ-actin ( Fig. 1) , in agreement with a recent report of Kinner et al. (2002) . On the other hand, we were also able to identify MSCs that exhibited widely differing morphology and that were positive for filaments containing the cardiac and embryonic type of α-actin (Fig. 2a) ; such cardiac α-actin-containing filaments extended even into the thinnest cell processes (Fig. 2b) . However, the patterns of cytokeratin synthesis in the MSCs that were rich in IFs of the vimentin type were Bars 20 μm particularly heterogeneous (see Fig. 3a-d for various examples of small and larger filament aggregates and bundles formed by cytokeratins, including cytokeratins 18 and 19). Similar heterogeneities were also found in sections through processes of mesenchymal tissue, notably bone marrow.
Apparently, some of the cells with additional marker proteins were able to proliferate into small MSC colonies. However, the appearance of certain cell differentiation markers in a given cell or group of cells did not necessarily mean that these cells had embarked on a separate differentiation pathway, as long as the specific larger differentiation-specific ensemble of proteins and structures was not present. For example, we normally did not note the advent of true desmosomes in cytokeratinpositive cells, the typical cardiac myosins and intercalated disk proteins in the cells positive for cardiac α-actin, or the presence of desmin filaments in cells containing smoothmuscle-type α-actin. Therefore, we regarded these syntheses of certain cytoskeletal proteins and their assembly to filamentous structures as being representative of subclasses of cells and cell clones characterized by the loss of control of gene expression (e.g., Knapp and Franke 1989) and not as being evidence for the heterogeneity of cell differentiation and fate. Biochemical analysis of junctional proteins When proteins of total MSCs or of the cytoskeletal fractions containing IFs and junctions were analyzed by gel electrophoresis and immunoblotting, the transmembrane proteins N-cadherin and cadherin-11 (OB-cadherin 1) were consistently found (results from three different cultures are shown in Fig. 4a,b) . In some analyses, the glycosyl-phosphatidylinositol-anchored protein T-cadherin also showed a positive but weak reaction (not shown). Other cadherins examined, such as E-, M-, P-, R-, and VE-cadherin, cadherins 6 and 8, and LI-cadherin, and the desmosomal cadherins, desmogleins (Dsg1-3) and desmocollins (Dsc1-3), were not detected (e.g., Fig. 4c,d) . Correspondingly, we observed typical adhering junction plaque proteins, such as α-and β-catenin (Fig. 4e,f) , the actin-filament-anchoring α-catenin-related protein vinculin (not shown), and the β-catenin-related armadillo-type protein p120 ctn (Fig. 4g) . Plakoglobin, an armadillo protein that can occur in both adhering junctions and desmosomes, was detected only in minor amounts (not shown), and a similar result was obtained for protein ZO-1, a protein known to occur in the cytoplasmic plaques of adhering and of tight and gap junctions. We did not detect any of the desmosome-typical plaque proteins, i.e., desmoplakins I and II or plakophilins PKP1-3 (for PKP2 see Fig. 4h ). Of the nectin-afadin-ponsin group of junctional proteins (for a review, see Takai and Nakanishi 2003) , afadin was regularly identified (see below). We also found relatively large amounts of actin-binding proteins, including ezrin, moesin, α-actinin, and myosin (not shown; see below), but only small amounts of drebrin. None of the tight-junctional transmembrane proteins was detected.
In initial experiments, we also observed positive reactions with an antibody against syndecan-1; however, in careful controls, this turned out to be attributable to a (cross-)reaction of the specific antibodies with β-catenin (not shown).
When we examined the interactions between the junctional proteins by immunoprecipitation experiments, primarily by using antibodies specific for N-cadherin or cadherin-11, followed by SDS-polyacrylamide gel electrophoresis and immunoblotting, we noted co-immunoprecipitations of Ncadherin with the plaque proteins α-and β-catenin and protein p120 ctn . These precipitates also contained the actinbinding proteins, ezrin and vinculin (not shown). Correspondingly, cadherin-11 co-immunoprecipitated α-and β-catenin and p120 ctn , together with minor amounts of vinculin, but not N-cadherin.
Immunolocalization of adhering junctional proteins
Various markers of adhering junctions localized not only to the small puncta adhaerentia on the main cell bodies and on the bridge-like intercellular connections of various lengths, but also surprisingly to those on the abundant long cell processes (processus adhaerentes), some of which were deeply inserted into recesses (recessus adhaerentes) in the specific partner cell. Examples showing the localization of the plaque proteins α-and β-catenin, in combination with Ncadherin, are presented in Figs. 5, 6. All the adhering junctional proteins identified were mostly biochemically colocalized (e.g. Fig. 6 ), including proteins p120 ctn and afadin (not shown) as well as plakoglobin and protein ZO-1, although the latter reactions were much weaker.
In sparse or subconfluent cultures, many of the cell processes were characterized by punctate or extended sites of colocalization of the adhering junctional proteins mentioned (Figs. 7, 8) . The processus adhaerentes often reached lengths of up to several hundred micrometers and formed either cell-cell bridges with similar processes or with the main bodies of other cells or were inserted in a tight-fitting manner into the deep recesses of adjacent cells, often resulting in batteries of almost parallel arrays of long adherent interlocks representing tube-like junctional arrays with a continuous appearance (manubria adhaerentia; Fig. 6 ). Such processes were also seen to connect mitotic cells with neighboring interphase cells, although the number of bridge connections seemed to Fig. 7 Double-label immunofluorescence laser scanning micrographs of an MSC culture illustrating the frequency of α-actinin-rich dense bodies and of the variously sized cell processes forming cell-cell contacts. The actin-binding protein, α-actinin (red, murine mAb), is enriched in dense bodies that are periodically arranged along actin microfilament bundles, whereas β-catenin (green, rabbit antibodies) is concentrated in the nuclei and the cell-cell adhering junctions (some being denoted by short arrows in a). Note that the central MSC in a is connected by seven processes to five other cells and that the single cell process shown in b forms junction contacts with five other cells in the region shown here. A remarkably long (>300 μm) process connected by adhering junctions to a number of other cells extends across c (left to right). d, e Typical regular arrays of α-actinin-rich dense bodies at higher magnification (mean center-to-center distances ranging between 0.7 and 1.2 μm). Bars 25 μm (a-c), 5 μm (d, e) be greatly reduced at metaphase-anaphase (e.g., Fig. 5b ). In general, the cell bodies and the processes were rich in actin filament bundles and several actin-binding proteins, such as myosin, α-actinin (Fig. 7) , and ezrin (Fig. 8) . The abundance of α-actinin was particularly impressive as most of this protein took the form of "dense bodies" periodically arranged along the microfilament bundles ( Fig. 7 ; mean center-to-center spacings ranging between 0.7 and 1.2 μm, i.e., similar to that in several other cell lines; e.g., Sanger et al. 1983 ). In addition to actin microfilament bundles such cell processes also contained microtubular structures (Fig. 9) .
The high frequency of puncta adhaerentia on the main MSC bodies and on the processus adhaerentes was best demonstrable in samples gently prepared to allow the preservation of these tenuous and fragile structures in large survey double-label immunolocalization micrographs (e.g., Figs. 7, 8, and 9) . In optimal preparations, cell processes could be traced and shown to make junctional contacts with a number of other cells (up to 8 were determined), often over distances exceeding 400 μm (e.g., Fig. 8 ).
Electron microscopy
We succeeded in obtaining electron micrographs of nearlongitudinal sections through processus adhaerentes of remarkable lengths, including some involved in the formation of cell-cell bridges. Some cell-cell contact sites (e.g., Fig. 10a ) apparently exhibited "fresh" intercellular adhesion structures that were still without adhering junctions, whereas others (e.g., Fig. 10b ) revealed conspicuous junctional associations in the overlapping tip regions of the processes from two different cells ("ET touches"). At higher magnification, such processes showed not only bundle arrays of actin microfilaments and occasional microtubular structures, but also individual (sometimes small: diameters 30-200 nm) puncta adhaerentia (Fig. 10c,  arrows) . Immunoelectron micrographs allowed us to localize specific junctional proteins to such small punctate junction structures (e.g., Fig. 10d illustrates the antibody decoration of β-catenin). The variable sizes and configurations and the patterns of the arrangements of such puncta adhaerentia and their spatial relationships to other structures, such as the microfilament bundles and interspersed gap junctions, are shown in Fig. 10e -h. Other slender cell processes, also containing cores of actin microfilament bundles, were traced protruding into and inserted tightly into deep plasma membrane recessus adhaerentes (Fig. 10i,j) in which the individual adhering junctions mostly appeared "fused" into the continuous membrane-to-membrane associations of the manubria adhaerentia, forming long attachment cuffs, the obvious equivalents of the long junctional structures that, by immunofluorescence microscopy, appeared as extended regions of the colocalization of adhering junction markers (e.g. Fig. 6 ).
Alterations with increasing cell density
The cell processes, whether extending through the intercellular space or included in adherent interlocking manubria, were highly dynamic and changed their morphology drastically within relatively short periods of time. A detailed analysis of such morphological changes is currently underway and will be presented elsewhere. Following cell proliferation and growth in these cultures, we noted highly dynamic foreshortening and reorganization of the cell processes and recesses, especially when maximal cell package density in monolayer cultures was approached (Fig. 11a) . These cells were still connected by a large number of cell-junction bridges, which were however much shorter (Fig. 11b) .
Discussion
The adhering junction-bearing cell processes shown here are remarkable structures, not only for mesenchymal cells, but generally in cell biology. They vary greatly in size, with some reaching enormous lengths of up to 0.5 mm and ranking second only to the special processes of neuronal cells, i.e., neurites. Their cytoskeletal core is essentially based on a system of actin microfilament bundles, fortified and attached to the cell membrane via myosin, α-actinin, ezrin, and probably other morphogenic actin-binding proteins that have yet to be identified (for candidates see, e.g., Bonilha et al. 1999; Vaheri et al. 1997; Bretscher et al. 2002; Kobielak et al. 2004 ) and of microtubules (cf. Fig. 9) . Remarkably, such long processes have also been seen on cells containing additional differentiation-specific proteins such as smooth or cardiac muscle α-actins or diverse cytokeratins. In this context, a specific type of interstitial cell with two or three long (up to 30 μm) thin cell processes has recently been identified in human atrial myocardium (Hinescu et al. 2006) .
The plaque-bearing puncta adhaerentia junctions on these "free" cell processes, a system resembling suckers on the tentacles of an octopus, are mostly small but, in certain places, seem to be able to fuse laterally to form larger adhesive junctions. Indeed, only a few of these junctions are sufficient to form stable bridges ("ET touches") in the intercellular space, often at remarkable distances from the main cell bodies. The molecular composition of these junctions is simple. Apparently, the coexistence of N-cadherin and cadherin-11 is typical for puncta adhaerentia of diverse mesenchymal cells and tissues (e.g., Okazaki et al. 1994; Hoffmann and Balling 1995; Kimura et al. 1995; Simonneau and Thiery 1998; Hinz et al. 2004) , as are cytoplasmic plaques comprising α-and β-catenin, together with protein p120 and afadin, whereas appreciable amounts of other plaque proteins seem to be lacking (for references, see Straub et al. 2003; Godsel et al. 2004; Irie et al. 2004 ; for a possible role of gelsolin in the anchorage of the actin filaments at adhering junctions of fibroblasts and probably also other mesenchymally derived cells, see Chan et al. 2004) . The functional importance of the molecular complement of these puncta adhaerentia in the differentiation of mesenchymal cells and tissue formation is indicated by the developmental defects described for mice lacking N-cadherin or cadherin-11 or both (Radice et al. 1997; Horikawa et al. 1999; Luo et al. 2004; Kostetskii et al. 2005) and by the general importance of cadherin-11 in the regulation of cell motility and cell-cell interaction in the dynamics of mesenchymal cells (cf. Kiener et al. 2006, and refs. therein) .
A subtype of such cell processes can insert, in a tightly fitting manner, into deep surface membrane recesses of recipient cells, thus forming particularly stable, often cufflike, cell-cell interlocking junctions, which are mostly fused to form large continuous manchette-like interlocking arrangements termed manubria adhaerentia (Fig. 12) . Indeed, such manubria can be generally regarded as single but large adhering junctions, occupying cell surface areas up to 100 μm 2 ; hence, the total cell-cell adhesive surface can exceed 10 3 μm 2 . Clearly, these interdigitating batterylike arrays of manubria profoundly differ from the much shorter E-cadherin-based cell processes, sparsely set with puncta adhaerentia, as described in the filopodial "zippers" of keratinocyte cultures (Vasioukhin et al. 2000) and from the E-cadherin-based tight-fitting cell-to-cell structures of spreading Listeria monocytogenes (Cossart and Lecuit 1998; Hamon et al. 2006) .
The abundance of ezrin in the processus adherentes of MSCs is remarkable in several ways. Although this protein originally and typically has been reported in microvilli and other organized protrusions of epithelial cells, it has subsequently also been identified in cell extensions of diverse types of mesenchymal cells (for reviews, see Vaheri et al. 1997; Bretscher et al. 2002) . Moreover, whereas its roles as a potentially actin-binding and actin microfilamentto-membrane linking protein and as an adhering junctionassociated protein have been demonstrated in many examples, it has more recently also been reported to act as a signaling and life-protecting protein (e.g., Gautreau et al. 1999; Bretscher et al. 2002 ; and references cited therein) and may be more generally involved in morphogenic processes, probably tightly controlled by kinase activities (Bonilha et al. 1999; Lan et al. 2006) . Clearly, our finding of ezrin as a major cytoskeletal component in MSC processes should now lead to investigations regarding its presence and fuction in the formation of processes of mesenchymal cells during early embryogenesis or in adhering junction-stabilized cytoplasmic projections of retothelial cells of the sinus of lymph nodes (cf. Hämmerling et al. 2006) .
The variously sized cell processes, including the extremely long tentacular processes equipped with puncta adhaerentia, appear to provide highly suitable instruments for the grope-and-cling mechanisms used to contact other cells, not only in the vicinity, but also over remarkable distances. Thus, in a dynamic modification of the "differential adhesion hypothesis" of tissue formation (Steinberg 1962) , MSCs in culture or in the embryo may make Ca 2+ -dependent junctional contacts with other cells of the same or a different kind (for the possibility of heterotypic junction formations in cell culture, see Volk et al. 1987) and may stabilize them or allow re-dissociation until a developmental optimum of cell sorting, aggregation, and positioning has been reached (e.g., Duguay et al. 2003; Perez-Moreno et al. 2003) . However, although cell-cell interactions and cell sorting have so far been considered primarily as a short-distance nearest-neighbour relationship of recognition and association (e.g., Steinberg 1962; Takeichi 1988; Duguay et al. 2003) , our findings now demonstrate that cells can (via such processus adhaerentes) also attach to one or several distant cells and bring them into close-packed tissue-forming arrays.
Why have these frequent and conspicuous processus adhaerentes escaped detection so far? One reason may be the general lack of comprehensive cell biological studies of cultured MSCs. Further explanations might be their transient nature in cell culture in which they become reduced in number with confluency, and their extreme Fig. 10 Electron microscopy of ultrathin sections through processus adhaerentes forming intercellular bridges (a-h) or deeply rooted manubria adhaerentia (i, j). a Tentacle-like process (left) making contact (bracket) with another MSC, but a plaque junction structure cannot yet be recognized at the contact site. b Survey picture showing two long thin processes contacting each other at a small overlapping contact region ("ET touch", denoted by bracket). c Partial magnification of the contact region demarcated in b, showing the actin microfilament bundles of the core of the process and a series of closely spaced small puncta adhaerentia characterized by a dense cytoplasmic plaque (arrows). d Immunoelectron micrograph presenting a similar overlapping contact region as shown in b, c after specific reaction of β-catenin antibodies as detected by the immunogold procedure with silver enhancement. Note the exclusive localization of reaction product at the junctional plaques (arrowheads). e A different complex form of MSC contact with a single and slightly larger junction anchoring an actin filament bundle (arrow). f Another morphotype of MSC contact formed by a battery of small adhering junctions (arrowheads). g Typical array of small nascent puncta adhaerentia (arrowheads) and their lateral attachment to a cable of actin microfilaments (denoted by brackets). h Similar group of adhering junctions (arrowheads) as in the previous figures, interspersed with a gap junction (arrow). i, j Typical aspects of slender cell processes inserted in a tight-fitting manner into corresponding invaginations of adjacent cells. Note the high density of actin microfilaments in these processes and the densely plaque-coated plasma membrane contact regions (arrowheads) forming a nearly continuous adhering junction structure (manubrium adhaerens). Bars 0.2 μm (d, g-i), 0.5 μm (c, e, f, j), 1.0 μm (a), 2.0 μm (b) b preparative fragility. On the other hand, we have previously noted, in an electron-microscopic study of primary mesenchymal cells and developing mesoderm of the mouse embryo in situ, "the frequency of small punctum adhaerens-like junctions", including some located "within interdigitations of processes of mesenchymal cells" (Franke et al. 1983 ; see also Hashimoto and Nakatsuji 1989; Tam et al. 1993) . Therefore, we hypothesize that such "organizing" and "interlocking" cell processes are more widespread in embryonic and other tissues than is presently believed and have begun to characterize the molecular composition and developmental roles of the in situ equivalents of such junction-bearing cell processes. Fig. 11 Double-label immunofluorescence microscopy of a human MSC culture grown to near (a) or complete (b) confluence. The cell cultures were treated with antibodies to β-catenin (green) in combination with antibodies to cadherin-11 (a, red) or N-cadherin (b, red). Nuclei were stained with DAPI. Note the colocalization of junctional protein markers in the numerous intercellular adherens junction "bridges" that are increasingly reduced in length as the cells become closer-packed. Note also the complete absence of long cell processes, which are typical of sparser cultures. Bars 25 μm Fig. 12 Representation of a manubrium adhaerens (adhering interlock) between two MSCs, as reconstructed from electron micrographs of ultrathin sections. A cell process from the right-hand cell inserts, in a tightly fitting manner, into a deep cell surface recess of the left-hand cell, as shown in longitudinal section and cross section (insert, upper left). The fused plaque region is indicated by the shaded layer, whereas the intercellular cadherin associations are presented as short punctate bridges
